Accurate characterization of the association between carotenoid intake and various chronic diseases requires a current and complete food composition database of individual carotenoid values. The previous database, the 1993 USDA-NCI Carotenoid Database, was updated following a comprehensive review of new carotenoid literature and extensive analysis of carotenoidcontaining foods sampled from major metropolitan areas of the U.S. The 1993 procedures were modi"ed to accommodate recent developments in analytical methodology and changes in criteria for numbers of samples. Values for -carotene, -carotene, lutein#zeaxanthin, lycopene and -cryptoxanthin from approximately 200 references were evaluated for the update. In addition to values for these carotenoids, tables include zeaxanthin values for a limited number of foods. The new database was created using previous data, new acceptable literature values, and new analytical data to yield a database of 215 foods. Mean values, standard errors, number of studies, and con"dence codes were tabulated for each food. USDA Nutrient Data Bank numbers were assigned to facilitate the use of the carotenoid data with other USDA data. This resulted in the disaggregation of many food item descriptions listed in the 1993 database. An electronic version of the new USDA-NCC Carotenoid Database is available at http://www.nal. usda.gov/fnic/foodcomp.
INTRODUCTION
A large number of epidemiologic studies have shown that fruit and vegetable consumption is associated with a reduced risk of many cancers and other chronic diseases (World Cancer Research Fund/American Institute for Cancer Research, 1997) . Researchers have become interested in characterizing the speci"c components of fruits and vegetables that may be responsible for reduced risk of disease. One group of components that have biological activity are the carotenoids. Carotenoids are yellow, orange, and red pigments present in many commonly eaten fruits and vegetables (Astorg, 1997) . More than 600 carotenoids have been identi"ed, but most nutrition research has focused on the "ve carotenoids with the highest known blood concentrations in U.S. populations: -carotene, -carotene, lycopene, lutein, and -cryptoxanthin.
Three of these carotenoids, -carotene, -carotene and -cryptoxanthin, have pro-vitamin A activity and can be converted in the body to retinol. In the past, the functional importance of carotenoids was attributed mainly to their pro-vitamin A activity, and therefore, the analytical methods of the Association of O$cial Analytical Chemists (AOAC) were considered adequate (Sullivan and Carpenter, 1993) . However, the commonly used AOAC methods quantify total carotenes rather than individual carotenoids using -carotene bioactivity as the basis of calculation. This tends to overestimate the vitamin A activity of foods (Beecher and Khachik, 1984) . The increased use of high-performance liquid chromatography (HPLC), which is a highly capable and sensitive method for separating and quantifying carotenoids, has resulted in an increase in the data available for individual carotenoid values in foods.
The original carotenoid database for fruits and vegetables ) was based on a review of approximately 180 articles published between 1971 and 1991. Of these, data from 38 published papers and two USDA contracts were used to create the database. This collaborative project between the United States Department of Agriculture (USDA) and the National Cancer Institute (NCI) resulted in a database for "ve carotenoids in 120 fruits and vegetables. In this database, lutein was combined with zeaxanthin due to the di$culty in separating these two carotenoids. The database was available electronically from USDA and contained median carotenoid values, ranges, number of samples, and a con"dence code for each value.
The USDA-NCI Carotenoid Database provided a valuable resource for researchers interested in estimating carotenoid intake (Chug- Ahuja et al., 1993) and investigating the association between dietary and serum carotenoids Seddon et al., 1994; Yong et al., 1994; Michaud et al., 1998) . However, it contained carotenoid data only for fruits and vegetables and did not contain data for other sources of carotenoids (e.g., cheddar cheese, eggs, butter, corn meal). Data for some of the major sources of carotenoids in the U.S. diet, as identi"ed by Chug-Ahuja et al. (1993) , were limited. The database provided no information on food mixtures containing fruits and vegetables (e.g., pizza, mixed vegetables). Furthermore, the earlier database provided median values, rather than means, for the aggregate carotenoid values which the authors felt were better estimates of central tendency considering the limited number of values for some foods and the apparent skewed nature of some of the data. Researchers at the USDA and at the Nutrition Coordinating Center (NCC), University of Minnesota, decided to update the 1993 USDA-NCI Carotenoid Database due to the large number of newly published articles on the carotenoid content of foods, new advances in analytical methods, and the issues described above. The resulting database is called the USDA-NCC Carotenoid Database for U.S. Foods.
METHODS

Sources of Data
The pool of data to be considered for the USDA-NCC Carotenoid Database for U.S. Foods included values for foods used in the 1993 USDA-NCI database, values published in national and international journals from 1992 to 1996, and new analytical data generated through contracts and at USDA laboratories. Only data from analytical studies that used chromatographic procedures for separation of carotenoids were considered. E!orts were focused on foods identi"ed as major contributors of one or more of the carotenoids of interest (Chug-Ahuja et al., 1993) . In addition, a few commonly consumed food mixtures containing fruits and/or 170 vegetables, some high-fat foods, and foods for which there were limited data were analyzed.
A review of available data in the 1993 USDA-NCI carotenoid table indicated a number of foods for which additional information on carotenoid content was needed. As a result, 10 fruits, 23 vegetables, 14 commercial food mixtures (e.g., pizza, beef stew, mixed vegetables in butter sauce, and several entrees), butter, cheese, ice cream, #uid milk, margarine, eggs and corn meal were analyzed at the USDA Food Composition Laboratory (FCL) . Vegetables and frozen entrees generally consumed in the cooked form were analyzed after cooking. Foods were selected to be representative of foods available in the U.S. Therefore, sales volumes, and geographic and demographic distribution patterns were taken into consideration to select brand names, cities, and grocery stores to purchase foods.
Evaluation System
All data in the pool were critically evaluated using the criteria and system adapted from Mangels et al. (1993) . This system was used to evaluate the carotenoid data for each food in each of "ve categories: analytical method, analytical quality control, number of samples, sample handling, and sampling plan. Data were rated on a scale of 0 (unacceptable) to 3 (most desirable) for each category based on speci"c criteria developed for each rating. An overall Quality Index (QI) was calculated as the average of the "ve ratings for a single source, food, and carotenoid. Data for the USDA-NCC database were deemed acceptable if they received a rating of at least 1 for analytical method, and two other ratings equal to or greater than 1, to yield a minimum QI of 0.6. This is in contrast to the earlier database where a minimum QI of 1.0 was required for inclusion in the database. Experience in evaluating data coupled with the limited available data justi"ed revision of an acceptable QI of 0.6 for this project. Acceptable data for a given food and carotenoid were combined to provide a single estimate for that food and carotenoid.
Another modi"cation from the earlier database was a change in the rating criteria used for analytical method. In general, we relied on studies using HPLC for analysis of individual carotenoids. However, those studies which used open column methods, demonstrated adequate separation of individual carotenoids, and employed extensive identi"cation procedures (Rodriguez-Amaya, 1999) were included in our evaluation.
The number of samples criterion was reviewed and clari"ed. In some cases, the number of samples re#ected individual samples, and in others, the number re#ected the number of composite samples (Fig. 1) . The number of samples referred to the number of unique analyses, not replicates. Higher ratings were given to those studies which analyzed larger numbers of samples and provided information on variability. A rating of 3 was given to those studies which analyzed more than 10 samples and provided individual values, or mean and standard deviation. A rating of 1 was assigned to those values which represented a limited number of analyses (i.e., 1}2 samples) and provided no data for variability.
Finally, a sampling plan strategy was implemented to collect foods for analysis. While number of samples criterion addresses the number of analytical values, sampling plan indicates the scope and representativeness of individual sample units with respect to brand or cultivar and geographic origin. Higher ratings were given to those samples that represented the broadest consumption patterns or geography, or the brands or varieties with the largest sales volumes (Fig. 1) . For foods analyzed at the FCL, nationwide sampling in three cities (Washington, DC, Chicago, IL, and Los Angeles, CA) was used for most foods. Samples were selected from di!erent lots or CAROTENOID CONTENT OF U.S. FOODS
Number of samples
Sampling plan rating Sources of food: lot, "eld, store, city
Single samples
Rating"1 for samples from 1 lot, "eld, store, or point-in-time * Rating"2 for samples from 2 geographic areas * Rating"3 for samples from more than 2 geographic areas n"3 individual analyses
Composite samples
Rating"1 for composites from 1 lot, "eld, store, or time * Rating"2 for composites from 2 geographic areas * Rating"3 for composites from more than 2 geographic areas n"1 individual analyses FIGURE 1. Relationship between source, number of samples and sampling plan rating for single samples and composite samples The number of acceptable references used in the USDA-NCC database di!ers from the number used in the 1993 USDA-NCI database due to modi"cations in the criteria used for evluation (see text for details).
Separation and quantitation by spectrophotometric method only, values on dry weight basis without documentation of moisture content, method reference not available.
Foods grown or prepared under experimental conditions which are not available in the market.
brand names, and foods were purchased at the two grocery store chains with the largest market share in each city.
Data Evaluation and Compilation
New references totaling 183 were evaluated for inclusion in the USDA-NCC Carotenoid Database (Table 1 ). In addition, 27 U.S. references from the 1993 USDA-NCI database were identi"ed as acceptable using the new criteria. Initial screening eliminated 110 of these references for various reasons reported in Table 1 , and an additional 51 references were eliminated because they were for foods not available in the U.S. The remaining 49 references were used to develop the USDA-NCC Carotenoid Database for U.S. Foods. Food items were categorized according to the system used in the USDA Nutrient Database for Standard Reference, and each food was assigned a USDA Nutrient Data Bank (NDB) number. Several calculations were applied to selected data. Carotenoid values expressed on a dry weight basis were converted to a wet weight basis when moisture content of the food was documented. Values for carotenol fatty-acid esters were converted to individual carotenoid values using appropriate molecular weight ratios. Numerical values for &&trace'' amounts of carotenoids were derived using the following equation: 0.71;LOQ, where LOQ is the limit of quanti"cation . A zero value reported in the database represents a value that is below the detection limit for that carotenoid based on inspection of each HPLC chromatogram. A missing or unreported carotenoid value does not imply a zero value, rather analytical data are currently unavailable for this carotenoid/food combination.
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In the evaluation process, the expert system provided a rating for each carotenoid value according to the criteria described above and documented elsewhere (Holden et al., 1987; Mangels et al., 1993) . A QI was then calculated for every carotenoid value for each individual food. After all of the acceptable carotenoid values for all foods were entered into the system, a summary QI was calculated by adding all of the individual QIs for that carotenoid in that food, and a con"dence code was assigned ( Table 2 ). The con"dence code provides the users of these data with an index for evaluating the strength of the scienti"c evidence for a given carotenoid value in a speci"c food. A con"dence code of &&A'' indicates considerable evidence for the carotenoid value in that food, due either to a few exemplary studies or to a large number of studies. On the other hand, a con"dence of &&C'' indicates that there is less evidence for the carotenoid value in that food, due to a smaller number of studies or poor quality of the data.
Statistics
Carotenoid values in the USDA-NCC database are expressed as means. This is in contrast to medians reported in the previous database. Mean values were chosen as the better measure of central tendency as a result of a consensus reached during a USDA statistical workshop organized by the principal investigators in April 1996. Means for individual carotenoids were weighted by their respective sampling plan ratings to give greater weight to values that were obtained from more representative samples.
Variations in the data were reported as standard errors of the mean (SEM) using equations which incorporate sampling plan rating as a weighting factor. SEMs were calculated when there were three or more data points available for a given carotenoid in a food. If all of the data points had the same sampling plan rating, no weighting was necessary and the SEM was calculated using the standard equation are the usual standard errors of the means of each weight class. That is, for each weight class,
where i identi"es the observation, and n was the number of observations in weight class k. Several foods had only a single observation for a given carotenoid in a weight class. In these cases, the standard error of the mean for each weight class was computed as:
where > M SG was the weighted mean for the data set and the = G was the sum of the relative weights for that weight class. These weight class standard errors were used to compute the SEM as given above.
RESULTS
The result of these e!orts was the creation of the USDA-NCC Carotenoid Database for U.S. Foods. Tables 3}5 provide information on the carotenoid content of these foods. The tables include the food description, mean carotenoid values ( g per 100 g food), SEM, number of values used to calculate the weighted mean (CS), con"dence code, and the citations for the carotenoid values. Data on the -carotene, -carotene, -cryptoxanthin, and lutein#zeaxanthin content of foods are presented in Table 3 . Lycopene values for 79 foods are presented in Table 4 . The zeaxanthin content of 22 foods is presented in Table 5 .
The best sources of -carotene are carrots, winter squash, and pumpkin. -Carotene is present in more foods, and is found primarily in dark orange and green fruits and vegetables, such as mango, apricot, cantaloupe, carrots, red peppers, pumpkin, sweet potatoes, broccoli, and leafy greens. -Crypoxanthin is found primarily in tropical fruits, such as mango, papaya and tangerine, and in sweet red peppers. Major sources of lutein are leafy greens, corn, and green vegetables such as broccoli, brussel sprouts, green beans, peas, and zucchini. Lycopene is found primarily in tomatoes and tomato products; other sources include watermelon, pink grapefruit, and Japanese persimmons. Major sources of zeaxanthin are egg yolks, corn, corn meal, Japanese persimmons, and leafy greens.
DISCUSSION
The data presented in Tables 3}5 provide the 
Blueberries, frozen, concentrate, unsweetened,
diluted with 3 volumes water Orange juice, raw 
(1)
Orange juice, raw, hybrid 
Oranges, raw, all 
Peaches, raw Weighted mean. Number of samples.
Con"dence code.
Weighted standard error of the mean. 188 TABLE 5 values for most foods are within the ranges previously reported , but the mean di!ers substantially from the median for some important sources of carotenoids. For example, the mean for -carotene in carrots cooked from frozen is 12 272 g/100 g, but the median value in the 1993 database for cooked carrots was 9800 g/100 g. The mean -carotene content of cooked butternut squash is nearly double the median for cooked winter squash in the 1993 database (4570 g/100 g versus 2400 g/100 g, respectively). Several values fell outside of the ranges reported by Mangels et al. (1993) , including tomatoes and tomato products where the mean values for lycopene were higher in the new database. The -carotene content of collards and cantaloupe is considerably lower in the updated database, and the lutein#zeaxanthin content of broccoli is higher in the new database. It is possible that the disaggregation of di!erent forms and varieties of foods resulted in some of the observed di!erences. It is unknown at the present what e!ect these changes will have on population estimates of carotenoid intake in the U.S. Another di!erence between the updated and 1993 databases is the use of a weighting factor in calculating the measure of central tendency. Although Mangels et al. (1993) decided against a weighting factor due to lack of data and because they did not want one of the categories in the evaluation program to be considered more signi"cant than the others, they suggested that when more data were available, a weighting strategy could be devised. We decided to implement a weighting strategy based on sampling plan so that more representative samples could be counted more heavily in the calculation of the mean value.
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Overall quality of the data can be assessed by evaluating the con"dence code information. The con"dence code summarizes the quality indices for all sources of data for that food. Each quality index represents the average of the "ve ratings assigned to the various categories of quality (analytical method, sampling plan, etc.) for each source for that food. One source may provide documentation of more expertise in analytical methodology while another may have used a more representative sampling plan. Frequently, sources fail to report any information on analytical quality control and, therefore, obtain a low rating for that category. Therefore, the speci"c ratings for individual categories can be used by USDA to assess the quality of data in a more detailed way and to determine where strengths and de"cits exist in the development of analytical methodology, food sampling, and subsequent databases for speci"c components.
While analytically acceptable, &&C'' quality data do not encompass much of the variability in carotenoid content of foods, and therefore may not be very representative of foods available in the U.S. The carotenoid content of foods is highly variable due to a number of factors, including geographical area and growing conditions, cultivar or variety, processing techniques, preparation, and length and conditions of storage Pennington et al., 1993) . In addition to factors within the food itself, there are other factors which a!ect an investigator's ability to accurately analyze the carotenoid content of foods, such as inherent variability in selection of samples from the food supply, incomplete homogenization of samples, and analytical methods (Horwitz and Albert, 1996) . Analysis of nationwide samples of key contributors of carotenoids to the diet will allow us to better understand the sources of this variability.
Although the carotenoid estimates presented in Tables 3}5 represent the best data available, there were only 12 foods out of a possible 215 (6%) for which one or more carotenoid values were assigned an &&A'': raw broccoli, canned carrots, raw carrots, pink grapefruit, cantaloupe, raw peaches, boiled spinach, raw spinach, sweet potatoes, tomato juice, tomato paste, and raw tomatoes. In contrast, Mangels et al. (1993) reported 9% of foods with a con"dence code of &&A''. This may be attributed to the 190 aggregation of di!erent forms of a food into one database entry, providing more data points for each food and fewer foods in the database. Of the 706 individual carotenoid values presented in Tables 3 and 4 , 17 (2%) and con"dence codes of &&A''. 97 (14%) had con"dence codes of &&B'', and 592 (84%) had con"dence codes of &&C''. Con"dence codes are one of the factors that will be used to prioritize future analyses of carotenoid containing foods.
The updated carotenoid database is typical of small data sets which can be developed for food components of recent scienti"c interest. A review of the numbers of studies which contributed acceptable data values for speci"c carotenoids reveals that for most foods one study contributes the values for each carotenoid. For example,
-carotene values for 139 foods were derived from single studies. It should be noted that one study may have reported values for one or more foods. Furthermore, a single study may have analyzed multiple samples for a single food. -Carotene values for 30 foods were derived from two studies while -carotene values for only 23 foods were based on three studies each. Estimates for other important contributors of -carotene (e.g., carrots, raw) were derived from 6}15 studies. Data for other carotenoids are not as complete as for -carotene.
FUTURE DIRECTIONS
The process described above to develop the USDA-NCC carotenoid database is the "rst step in creation of a functional database for analysis of dietary intake patterns. The USDA and NCC at the University of Minnesota will now work together to impute carotenoid values for foods in the USDA's Primary Nutrient Data Set (PDS) and NCC's Nutrient Database so that carotenoid values can be assigned to all foods and mixed dishes with ingredients that contain carotenoids. Until this database is populated, users who require certain imputed values should follow the general guidelines provided in Schakel et al. (1997) and the speci"c guidelines for imputing carotenoid values found in Mangels et al. (1993) . In the absence of U.S. data for similar foods, the reader may consult international sources of published carotenoid values (Heinonen et al., 1989; West and Poortvliet, 1993 . These databases will be used to compare estimates of carotenoid intake using the old database with estimates obtained using the new database. One aspect of this comparison will be to evaluate the e!ect of using mean values versus medians on population estimates of intake and to gauge the impact of including non-fruit and vegetable sources of carotenoids in the database. These comparison studies will be initiated as soon as the imputed values for carotenoids in foods are available.
In view of the quantity of data represented here, we recognize the need for additional analyses to improve the representativeness of carotenoid estimates. Future analyses conducted by USDA's Nutrient Data Laboratory under the National Food and Nutrient Analysis Program to improve the quality of the USDA Nutrient Database for Standard Reference will include individual carotenoid values. First priority will be on analyses of highly consumed foods with &&C'' quality data. We would like to encourage other researchers to use the standards for data quality described here for their own carotenoid analyses (use of appropriate documentation for sample selection, sample handling, sample number, analytical methodology, and analytical quality control). Assuming that other investigators generate carotenoid data which are accurate and representative of the U.S. food supply, we request that they submit their "ndings to USDA for review and consideration for inclusion in the National Nutrient Databank.
As part of this research, we also collected publications on the carotenoid content of foods outside the U.S. We have identi"ed 78 references for foods available around the world to date and are planning to collaborate with other experts to compile these data into a comprehensive database that will provide carotenoid values for foods by country. This database will be used to update the 1993 publication of international carotenoid values in foods (West and Poortvliet, 1993) , and will be available on the USDA website.
A comprehensive database of the carotenoid content of foods is necessary to estimate individual intake of carotenoids in populations. The patterns and distribution of dietary intake can then be evaluated by researchers interested in characterizing associations between dietary carotenoids and various diseases.
